The purpose of this article is to present an assessment method, in conjunction with age-related normal values, for lumbar spinal range of motion. Lumbar flexion, lumbar extension, and right and left lateral flexion were measured on 172 subjects by a combination of goniometry and spinal distraction techniques. Normal values are given for six age groups; each group had a range of 10 years. The results demonstrate that a significant decrease in lumbar spinal range of motion is expected with increasing age. The interobserver reliability based on 17 subjects was substantial for the four measurements taken; coefficients ranged from +.76 to +1.0. The information may prove useful to the clinician as an improved method for assessing the lumbar spine.
Measuring joint mobility accurately is important to the physical therapist in assessing the lumbar spine. Knowledge of lumbar range of motion may aid in determining levels of spinal pathology, guidelines for treatment, and patient response to treatment. 1 ' 2 To perform an accurate assessment of the lumbar spine, objective clinical methods of measurement are necessary. 3 Several methods are currently available for measuring spinal range of motion (eg, radiography, plumb line, distraction, and goniometry). 4, 5 Although radiographic examination is accurate, it is expensive, requires exposure to harmful radiation, and is not always accessible to the physical therapist. Plumb-line and distraction methods have been used clinically for the measurement of spinal range of motion in England. 4, 6 It is our opinion, however, that these methods are somewhat time-consuming, and, furthermore, they are not commonly used in the United States. Goniometry is a relatively quick and easy alternative method of measuring spinal mobility. It is readily accessible to the physical therapist and is commonly used in the United States. Batch 7 and Kapandji 8 have outlined objective methods of assessing lumbar spinal range of motion. Normal range has been presented by these clinicians but not verified by empirical studies or differentiated by age. 7, 8 Other researchers have documented normal values for lumbar range of motion; however, many different assessment techniques besides goniometry have been used. Clayson et al measured lumbar range of motion on 26 healthy subjects by using roentgenograms. 9 Loebl used the inclinometer to measure a larger sample size of 176, but he measured only lumbar flexion and extension. 10 Other measurement techniques in the literature include using the flexirule and the spondylometer. 11, 12 Troup and colleagues also measured lumbar flexion and extension and concluded that the assessment methods they used (including photographic studies) were not well suited for the clinic. 13 Moll and Wright measured forward flexion and lateral flexion by the distraction method and spinal extension by the plumb-line method. 4 They documented age-related changes based on data collected from 374 healthy subjects. To our knowledge, no such study has been done with the goniometric method. Therefore, a need exists to establish normal age-related values for lumbar range of motion by RESEARCH using techniques commonly chosen by the physical therapist.
Because the goniometer is the most commonly used instrument for measuring range of motion, the reliability of this method should be examined. 14 Low found that measurement with a typical goniometer is more reliable than estimating by eyesight. 15 Hellebrandt and associates reported good agreement in 780 paired observations conducted by a single skilled observer with the goniometer. 16 They obtained identical readings 21 percent of the time; in 70 percent of the measurements, the second trial varied 3 degrees or less from that of the first; and in 95 percent, the variation was 7 degrees or less. The foregoing studies and the study by Boone and colleagues showed that measurement reliability of the goniometer varies according to the joint being measured. 17 Intraobserver error has been notably less than interobserver error. [15] [16] [17] These studies, however, were conducted exclusively on the upper and lower extremities. Based on a review of the literature, the reliability of the goniometric method for assessing spinal range of motion has not been determined.
The purpose of this study was twofold: 1) to determine an objective clinical method for assessing lumbar spinal range of motion, establish normal values for this method, and investigate interobserver reliability; and 2) to document the effect of increasing age on the range of motion of the lumbar spine.
METHOD Subjects
The subjects consisted of 172 volunteers, 4 women and 168 men; all were patients at the Veterans Administration Hospital in North Chicago, Illinois. Because Moll and Wright have documented that spinal mobility differs by only 7 to 10 percent between the sexes, we included women in this study. 4 The subjects ranged in age from 20 to 82 years, and for statistical purposes, they were categorized into six age groups, each with a class range of 10 years (Tab. 1 gives the number of subjects in each age group). All data were collected over a five-month period in the summer and fall of 1981 as part of an assessment of institutional manpower needs. All subjects had responded to a questionnaire as part of the assessment and were included in our study if back pain was not a current complaint and if any previous back pain had lasted less than three months.
Procedure
We observed anterior lumbar spinal flexion, right and left lateral thoracolumbar spinal flexion, and spinal extension in this order. For each of the four measurements, the subject performed three trials. Anterior flexion was measured by a distraction method developed by Shober. 18 We chose this method because we had found it to be a good clinical assessment technique. The American Academy of Orthopaedic Surgeons also suggests this method in its book on goniometry. 19 The other movements were measured by the goniometer.
The Shöber method uses a plastic tape measure to determine the amount of distraction (in centimeters) between two points on the lumbar spine during trunk flexion. 18 According to the American Academy of Orthopaedic Surgeons, the tape measure is perhaps the most accurate clinical method of measuring the true motion of spinal flexion because it can conform to spinal curvatures. 19 The subject was positioned standing erect with feet approximately shoulderwidth apart. The most superior aspects of the iliac crests were located by palpation, and a small line was applied with a marking pen over the corresponding spinal level. A second small line was placed 10 cm above this first reference point. The observer stood slightly posterior and lateral to the subject. The subject was then instructed to bend forward, as far as possible, keeping the knees straight throughout the entire movement. When the subject had completed maximal trunk flexion, determined by observers as an absence of further motion, the distance between the two markings was measured and recorded, and the subject was instructed to return to the upright position. Three trials were recorded for each subject. For each trial, the initial distance was subtracted from the final (maximal trunk flexion) distance.
We used a goniometer to measure right and left thoracolumbar spinal flexion and noted degrees of motion. While the subject was standing erect, the goniometric axis was placed at approximately the level of the lumbosacral junction. The stationary arm was positioned in a line vertical to the floor, while the moving arm was aligned with the spinous process of C7. The American Academy of Orthopaedic Surgeons states that the relative position of the spinous process of C7 to the pelvis is a method of measuring thoracic and lumbar lateral spinal bending. 19 To make the measurements, the observer sat directly behind the subject so that the eyes of the observer were approximately at the level of the goniometer axis. The subject was instructed to stand erect with feet spread approximately shoulder-width apart (this position may stabilize the pelvis more effectively than with the feet together). 20 Also, with the feet spread, the subject had a wider base of support, which aided in maintaining balance while performing the movement. Instruction was given to bend directly to the side, as far as possible, and the observer recorded the range of motion in degrees. Measurements of three trials to the right followed by three trials to the left were recorded for each subject. Spinal extension was also measured with a goniometer. The subject stood erect with feet approximately shoulder-width apart; the observer sat facing the subject's side. The goniometric axis was placed at the most superior aspect of the iliac crest, aligned with the midaxillary line. The stationary arm was positioned in a line perpendicular to the floor, while the moving arm was aligned with the midaxillary line. The subject was instructed to bend directly backwards, as far as possible, while maintaining extension of the knees. When the subject attained maximal spinal extension, determined by the observers as absence of further motion, the degrees of movement were recorded.
Analysis
The results were analyzed in 10-year age intervals, and the mean, standard deviation and coefficient of variation were calculated for each measurement. A 95 percent confidence interval was determined for the measurements by age group. Bar graphs were constructed to analyze variation in range of motion of the lumbar spine with age. An analysis of variance (ANOVA) was used to test for significant differences between age groups in the four lumbar range-ofmotion measurements. Scheffe's multiple comparisons were used for post hoc analysis.
The interreliability data for this paper were collected by two independent observers on 17 physical therapy students from the University of Health Sciences/The Chicago Medical School who volunteered as subjects. The two observers independently took the four lumbar measurements on each of the 17 subjects. Pearson reliability coefficients were calculated on the paired results obtained by these observers.
RESULTS
Interobserver reliability was as follows: Shöber Test, r = 1.0; spinal extension, r = .88; right lateral spinal flexion, r = .76; and left lateral spinal flexion, r = .91. All coefficients were statistically significant at p <.001.
The means, standard deviations, and coefficients of variation (CVs) are given for each of the measurements according to age group (Tab. 1). The variation in range of motion of the lumbar spine with age is evident in Table 1 Tables 1 and 2 show that our data for the younger age groups are consistent with the values from other studies. As age increases, however, range of motion decreases significantly, and Kapandji's and Batch's values are no longer consistent with the results of the present study. As pointed out earlier, the CVs indicate a greater variability in normal range for the older age groups. This variability may be important to keep in mind when assessing older subjects.
Moll and Wright documented a decrease in lumbar range of motion with age. 4 They used seven age groups, each with a range of 10 years beginning with 15 to 24 years of age. Because they used assessment methods other than goniometry, comparing their results with ours is difficult. Because they did not calculate the CVs, comparing the variability between age groups is also difficult. Their findings and the Because our data were obtained from predominantly male subjects, a statement on gender differences in range of motion of the lumbar spine cannot be provided from this study. As mentioned earlier, Moll and Wright found that spinal mobility differed by only 7 to 10 percent between the sexes. 4 More research in this area is needed.
A limitation of this study concerns the small sample sizes in two of the groups, that is, n = 9 for the 70-to 79-year-old group and n = 16 for the 40-to 49-yearold group.
CONCLUSION
We have described an objective and reliable method for measuring lumbar spinal range of motion and established normal values according to age for this method as indicated by a 95 percent confidence interval. The results of this study confirmed an agerelated decrease in range of motion. We believe that physical therapists should make use of these norms in examination and remember to assess patients' range of motion in light of their age. a p < .001. a Denotes pairs significantly different at .05.
